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An efficient method was developed for the synthesis of arylidene heterobicyclic 3-cyano-2-pyridones via ytterbium chloride cata-
lyzed tandem condensation of aromatic aldehydes, cyclic ketones, and cyanoacetamide. The conditions and scope of the reaction 
were investigated and a reaction mechanism was proposed. 
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Tandem reactions are powerful methods for the synthesis of 
structurally complex compounds from simple substrates. 
Among the strategies used for the construction of biologi-
cally active molecules, tandem reactions for the design and 
synthesis of drug-like compounds are of particular interest 
to organic synthetic chemists. The 2-pyridone skeleton is an 
important substructure found in many natural or synthetic 
biologically active materials, and its derivatives have been 
applied in various pharmaceutical and biochemical fields. It 
is of great interest that specifically functionalized 2-   
pyridones may possess specific biological properties. For 
example, milrinone [1] (Scheme 1, A), which has a 
3-cyano-2-pyridone core, is an effective cardiotonic agent. 
More recently, antitumor screening data showed that some 
fused 3-cyano-2-pyridones with an arylidene moiety [2] 
(Scheme 1, B) are potential antitumor agents. These find-
ings indicate that efficient methods need to be developed for 
the synthesis of these 3-cyano-2-pyridones. According to 
the rather limited literature in this area, arylidene heterobi-
cyclic 3-cyano-2-pyridones were synthesized in the pres-
ence of a base in a stepwise manner, with the necessary in-
termediates such as α,α’-bis(arylidene)cycloalkanones or  
 
Scheme 1 
2-cyano-3-phenylacrylates prepared and isolated in advance 
[2–7].  
Lanthanide reagents have been increasingly applied and 
widely studied in organic synthesis in recent years [8–11]. 
Most of the lanthanides are nontoxic and relatively abun-
dant in nature. The successful development of many useful 
reactions efficiently catalyzed by lanthanide compounds can 
be attributed to the unique features of lanthanide centers, 
such as their high electrophilicity, variable metal ion radius 
and tunable coordination patterns. Prompted by our previous 
studies on lanthanide halide-catalyzed synthesis of biologi-
cally relevant heterocyclic compounds [12–16], we investi-
gated the effectiveness of lanthanide chlorides as catalysts 
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for the tandem preparation of arylidene heterobicyclic 
3-cyano-2-pyridones. This type of synthesis is very im-
portant and attractive from the viewpoints of operational 
simplicity and assembly efficiency. Herein, we report our 
preliminary results from this investigation. 
An initial trial was conducted with a three-component 
condensation of cyclopentanone 1a, benzaldehyde 2a and 
cyanoacetamide 3 (Scheme 2) in the presence of a catalytic 
amount of ytterbium chloride (YbCl3), which is a readily 
available and economical lanthanide Lewis acid. To our  
surprise, 7-benzylidene-3-cyano-4-phenyl-3,4,6,7-tetrahydro- 
1H-cyclopenta[b]pyridin-2(5H)-one 4a was obtained rather 
than the expected 7-benzylidene-3-cyano-4-phenyl-6,7- 
dihydro-1H-cyclopenta[b]pyridin-2(5H)-one 5a. The struc-
ture of 4a was determined by 1H NMR spectroscopy. This 
compound produced four doublets at  5.02 (0.5 H, J=7.5 
Hz), 4.77 (0.5 H, J=12.6 Hz), 4.36 (0.5 H, J=12.6 Hz) and 
4.13 (0.5 H, J=7.5 Hz), which indicates that there are two 
protons at 3- and 4-position of this 2-pyridone. According to 
the literature [2–7], the relevant multistep reactions all af-
forded 5a as a major product under basic conditions. Con-
sequently, the use of YbCl3 as a Lewis acid-type catalyst in 
the present reaction can be considered a key factor affecting 
the structure of product, and the reaction mechanism may be 
different in acidic and basic conditions.  
The following reaction conditions for the model reaction 
were then investigated: catalyst loading, reaction time, reac-
tion temperature, and solvent. The results are listed in Table 
1. When the catalyst loading was increased from 5 mol% to 
20 mol% the yield increased considerably, but the further 
increase in the catalyst loading did not improve the yield. 
Among the solvents screened, ethanol gave the best result. 
Several lanthanide chlorides were tested to assess the influ-
ence of the central metal on the catalytic activity. The order 
of catalytic activity was Yb>Y≈Er>La, which is the re-
verse order to the ionic radii of these lanthanides. Thus, 
YbCl3 was chosen as the representative lanthanide catalyst 
and the optimum reaction conditions were established for 
subsequent experiments. In a typical experimental proce-
dure, 1a (2 mmol), 2a (3 mmol) and YbCl3 (0.3 mmol) were 
mixed and heated at 120°C for 6 h. Then 3 (2 mmol) and 
ethanol (4 mL) were added. The resulting mixture was re-
fluxed for 24 h. The yellow precipitate was filtered and 
washed with EtOH and water to afford the target product 4a. 
To examine the scope and generality of this method, the 
process was extended to various aromatic aldehydes and 
cyclic ketones under the optimum reaction conditions 
(Scheme 3). As summarized in Table 2, the method was 
equally effective for five-membered and six-membered cy-
clic ketones and all the reactions proceeded smoothly af-
fording the desired arylidene heterobicyclic 3-cyano-2- 
pyridones in moderate to good yields. The reaction could 
also be used for aromatic aldehydes with ortho-, meta- and 
para-substituents, and tolerated both electron deficient and 
rich aldehydes. 
A byproduct was isolated from the crude product of our 
model reaction, which was characterized as α,α’-dibenzyli- 
dene cyclopentanone C and should be produced from ben-
zaldehyde and cyclopentanone. This finding directed us to a 
plausible mechanism. It can be suggested that the first step 
of the present reaction is probably a Lewis acid-catalyzed 
cross-aldol condensation of aldehyde with ketone to pro-
duce C, which is similar to the Yb(OTf)3 catalyzed reaction 
described by Wang et al. [17]. The Michael addition of cy-
anoacetamide to C leads to D, which subsequently elimi-
nates water and cyclizes to form the product (Scheme 4). To 
confirm this mechanism, a supplementary experiment was 
carried out using α,α’-dibenzylidene cyclopentanone C as 
the substrate. C was mixed with cyanoacetamide and YbCl3 
(20 mol%) and the resulting mixture was stirred in EtOH 
under reflux for 70 h. After work up, product 4a was ob-
tained in 75% yield, indicating that C was the key interme-
diate in this tandem condensation process. 
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Table 1  Screening of reaction conditions for the tandem condensation of cyclopentanone, benzaldehyde and cyanoacetamidea) 
Entry Catalyst Loading (mol%) Temperature (T1/T2)
b) (°C) Solvent Time (t1+t2)
c) (h) Yield (%) 
 1 YbCl3  5  120/90 EtOH 6+24 17 
 2 YbCl3 10  120/90 EtOH 6+24 42 
 3 YbCl3 15  120/90 EtOH 6+24 62 
 4 YbCl3 20  120/90 EtOH 6+24 75 
 5 YbCl3 25  120/90 EtOH 6+24 75 
 6 YbCl3 20  100/90 EtOH 6+24 68 
 7 YbCl3 20  120/90 EtOH 2+24 57 
 8 YbCl3 20  120/90 EtOH 6+70 79 
 9 YbCl3 20  120/70 THF 6+24  5 
10 YbCl3 20   120/120 DMF 6+24  8 
11 YbCl3 20  120/90 Toluene 6+24 44 
12 LaCl3 20  120/90 EtOH 6+24 37 
13 ErCl3 20  120/90 EtOH 6+24 62 
14 YCl3 20  120/90 EtOH 6+24 64 
a) Reaction conditions: 1a, 2a and catalyst were mixed and heated at temperature T1 (°C) for time t1 (h). Then 3 and solvent were added and the resulting 
mixture was heated at temperature T2 (°C) for time t2 (h). b) The first temperature is for T1 and the second temperature is for T2. c) The first time is for t1 and 
the second time is for t2. 
Table 2  YbCl3-catalyzed condensation of cyclic ketones, aromatic aldehydes and cyanoacetamidea)  




Ph 4a 75 
 2 4-ClPh 4b 80 
 3 3-CH3OPh 4c 82 
 4 3-FPh 4d 77 
 5 2-CH3Ph 4e 76 




Ph 4g 65 
 8 4-CH3OPh 4h 63 
 9 4-CH3Ph 4i 74 
10 4-BrPh 4j 78 
11 4-FPh 4k 70 




4-CH3OPh 4m 65 
14 4-ClPh 4n 77 
15 4-BrPh 4o 88 
a) Reaction conditions: 1:2:3 = 0.67:1:0.67, 10 mol% YbCl3 relative to aromatic aldehyde. 1, 2 and YbCl3 were mixed and heated at 120°C for 6 h. 
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synthesis of arylidene heterobicyclic 3-cyano-2-pyridones 
via tandem condensation of aromatic aldehydes, cyclic ke-
tones, and cyanoacetamide with YbCl3 as a catalyst. This 
reaction is atom-economic and can be performed easily. 
Further applications of this tandem method to the synthesis 
of biologically active azaheterocyclic compounds are in 
progress in our laboratory. 
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